The diversity within the genus Aphanizomenon (Nostocales, Cyanobacteria) is still controversial and more studies are needed to clarify its heterogeneity. Aphanizomenon strains isolated from the eutrophic shallow Vela Lake (Centralwestern Portugal) during bloom formation in summer months from 2001 to 2007 were characterized combining phenotypic and molecular approaches. The molecular affiliation of the strains was established through sequencing of the 16S rDNA, as well as nifH and hetR genes fragments, and inter-specific genetic variability was checked through repetitive sequences fingerprinting. The morphological characters were characteristic of the descriptions of Aph. issatschenkoi (Cuspidothrix issatschenkoi), Aphanizomenon gracile and Aph. aphanizomenoides. Molecular phylogenetic results corroborated the morphological identification and fingerprinting showed a persistent occurrence of Aph. gracile and Aph. aphanizomenoides strains over the years but also indicated that Aph. aphanizomenoides strains are not clonal within a same bloom. Partial nifH and hetR gene sequences of the cyanobacterial strains showed a high phylogenetic differentiation capacity, even at the strain level.
I N T RO D U C T I O N
The development of cyanobacterial blooms in freshwater shallow lakes occurs worldwide (Dokulil and Teubner, 2000) and frequently leads to toxic outcomes (Codd, 2000; de Figueiredo et al., 2004) . In Vela Lake (Figueira da Foz, Western Central Portugal), blooms of toxic cyanobacteria are recurrent and usually dominated by Microcystis spp. although species identified as Aphanizomenon flos-aquae, Anabaena flos-aquae and Cylindrospermopsis raciborskii may also achieve high densities (Vasconcelos et al., 1993; Saker et al., 2003; de Figueiredo et al., 2006) . For several genera such as Aphanizomenon, a correct identification through phenotypic characters is often compromised due to the ambiguity of morphological features (Hindák, 2000; Li et al., 2000; Komárek and Komárková, 2006) , especially when handling strains maintained under laboratory conditions for a long time (Palinska et al., 1996; Nübel et al., 1997; Zapomělová, 2006) . Cases of misidentification of Aphanizomenon spp. based on morphological features have been reported (Li et al., 2000 (Li et al., , 2003 Wood et al., 2007) . Thus, it is essential to combine molecular and morphological data to allow an accurate cyanobacterial taxonomic analysis as discussed over the past years (Komárek, 2006) . Methods based on PCR amplification and the use of cyanobacteria-specific primers targeting highly conserved domains inside the 16S rRNA gene (Nübel et al., 1997) have contributed to a more objective identification and discrimination of cultured cyanobacterial strains. The use of specific primers is important since it can be very difficult to obtain axenic cultures from cyanobacteria, particularly filamentous strains (Abed and Köster, 2005; Bruno et al., 2006) . Complementary to this, partial sequences of proteincoding genes such as hetR, coding for a serine type protease essential in heterocyst differentiation (Janson et al., 1998; Schiefer et al., 2002; Zhang et al., 2006) , and nifH, coding for the dinitrogenase reductase (Zehr and McReynolds, 1989) , also give relevant information for phylogenetic differentiation (Dyble et al., 2002; Haande et al., 2008) . Fingerprinting based on repetitive sequences such as short tandemly repeated repetitive (STRR) (Mazel et al., 1990) , and highly iterated palindrome (HIP1) (Smith et al., 1998) sequences, which are present in many cyanobacteria, has also been a very useful technique to assess genetic variability among cyanobacterial strains even using non-axenic cultures (Rasmussen and Svenning, 1998; Lehtimäki et al., 2000; Bruno et al., 2006) .
During the occurrence of cyanobacterial blooms between 2001 and 2007 in Vela Lake, 11 isolates of Aphanizomenon spp. were obtained. The present study deals with their morphological identification, their characterization through molecular approaches by targeting regions of the genes 16S rRNA, hetR and nifH, and their fingerprinting using repetitive sequences in order to check for intra-specific genetic variability.
M E T H O D Sampling, isolation and culturing of cyanobacteria
Water samples for isolation of Aphanizomenon strains were collected in the eutrophic Vela Lake located in Quiaios, Figueira da Foz (408 16'N, 88 47'W, Western Central Portugal) during the occurrence of cyanobacterial blooms in spring/summer of 2001, 2004, 2005, 2006 and 2007 (Table I) using sterilized glass bottles. This freshwater body has an area of approximately 0.7 km 2 and it is mainly used as an irrigation source for agriculture but also as a recreational area. The Aphanizomenon gracile strain UADFA11 also included in this study was isolated from Monte Novo reservoir in the Guadiana River Basin (388 30'N, 78 42'W, Southern Portugal) in the dry summer of 2005. It was used as an Aph. gracile external geographical reference. Other heterocystous cyanobacterial isolates (Anabaena cylindrica UTAD_A212 and Nostoc sp. UTAD_N213) and Chrooccocales cyanobacteria (Synechococcus sp. UADFSYN1 and Microcystis sp. UADFM10) were also used as external references for the fingerprinting analyses (Table I) . Non-axenic unicyanobacterial cultures were established through micromanipulation by repeated isolation steps in sterilized liquid MBL-Woods Hole culture medium until only one filament was detectable. The cultures were maintained in 250 mL Erlenmeyers containing 100 mL of MBL medium in an incubation chamber at 20 + 28C and a 16 h L :8 h D photoperiod of 130 mE m 22 s 21 provided by cool white fluorescent tubes. The taxonomic identification was made using descriptions from Hindák (Hindák, 2000) , Rajaniemi et al. (Rajaniemi et al., 2005a, b) , Komárek (Komárek, 2006) , Komárek and Komárková (Komárek and Komárková, 2006) and Willame et al. (Willame et al., 2006) .
DNA extraction and PCR amplifications
The DNA from cyanobacterial cultures was extracted after centrifugation of 2 mL of the culture and resuspension in 200 mL of TE buffer (10 mM Tris -HCl, 1 mM EDTA, pH 8.0). Lysis was performed by adding 1 mg mL 21 lysozyme and incubating at 378C for 1 h. DNA extraction and purification was performed using the Genomic DNA Purification Kit (MBI Fermentas, Vilnius, Lithuania) and DNA was resuspended in TE buffer and stored at 2208C. PCR amplification of 16S rRNA gene fragments was performed combining the bacterial universal primer 27F (Lane, 1991) with the cyanobacteria-specific reverse primer CYA781R (Nübel et al., 1997) and the cyanobacteria-specific forward primers CYA106F (Nübel et al., 1997) and CYA738F (Valério et al., 2005) along with the bacterial universal primer 1492R (Lane, 1991) . The hetR gene region was targeted using the primers hetr1/hetr2 (Janson et al., 1998) and nifH gene fragments were amplified using the degenerate primers designed by Zehr and McReynolds (Zehr and McReynolds, 1989) . Fingerprinting was performed using the primer STRR1A (Rasmussen and Svenning, 1998) and Hip1 altered primers HipCA/ HipTG with two bases added to the 3 0 -end (Smith et al., 1998) derived from the Hip1 consensus (Robinson et al., 1995) to overcome potentially confusing patterns containing many amplification fragments due to the high frequency of Hip1 sequence in the cyanobacteria genome. All primers were commercially synthesized (STABVida, Oeiras, Portugal). PCRs were performed in a Bio-Rad iCycler Thermal Cycler (Hercules, CA, USA) with 50 mL reaction mixtures each containing 3 mM MgCl 2 , 200 mM of each nucleotide, 1x PCR buffer with (NH 4 ) 2 SO 4 , 5% dimethylsulfoxide (DMSO), 15 pmol of each primer, 1 U of Taq DNA polymerase and 50-200 ng of template DNA. The PCR programs for all primer sets included an initial denaturation at 948C for 5 min and a final extension step for 10 min at 728C. For 27F/CYA781R and CYA106F/1492R, 30 cycles were also included consisting of 1 min at 948C, 1 min at 508C and 2 min at 728C; for the primer pair CYA738F/1492R, 35 cycles were included of 1 min at 948C, 30 s at 518C and 1 min at 728C; for hetR amplification, 35 cycles were performed consisting of 1 min at 948C, 2 min at 528C and 1 min at 728C; for nifH amplification, the PCR program included 30 cycles of 72 s at 938C, 1 min at 508C and 90 s at 728C. Cyanobacteria fingerprinting with STRR1A followed the original procedure with an annealing temperature of 568C (Rasmussen and Svenning, 1998) and the program for Hip1 primers included 958C for 5 min and 30 cycles of 10 s at 958C, 20 s at 408C and 1 min at 728C. Negative and positive control reactions were carried out simultaneously. PCR products were checked by electrophoresis on 1.5% agarose gels at 80 V for 1 h 30 min, following ethidium bromide staining and visualization on a UV trans-illuminator. For fingerprinting profiles, PCRs were performed at least three times and electrophoresis was carried out on 1.5% agarose gels for 3 h at 80 V and compared with a molecular weight marker (GeneRuler TM 1 kb DNA ladder).
Sequencing, alignment of sequences and phylogenetic analyses
All amplicons were purified with the Jetquick PCR Product Purification Spin Kit (Genomed, Löhne, Germany) and sequenced by STABVida (Portugal). 
The nucleotide sequences determined in the present study were deposited in the GenBank database under the accession numbers EF685373 and FJ895118 to FJ895128 for the 16S rDNA, EF531706 and FJ895140 to FJ895150 for the nifH gene, and EF531705 and FJ895129 to FJ895139 for the hetR gene. A BLAST search was performed against all sequences deposited in the GenBank database. ClustalX version 1.83 (Thompson et al., 1997) was used to align sequences and reconstruct trees using the neighbor-joining method with bootstrap values from 1000 NJ bootstrap replicates. Trees were visualized using the program TreeView (Page, 1996) . The hetR and nifH sequences were translated using the Translate program from Expasy (http://www.expasy.org) and ClustalX was also used to align the amino acid sequences.
R E S U LT S Morphological identification of cyanobacterial strains
Following morphological criteria, the studied strains fell into the descriptions made by Komárek and Komárková (Komárek and Komárková, 2006) for two morphotypes of the classical Aphanizomenon genus: Aph. gracile (which includes the morphospecies Aph. aphanizomenoides) and Aph. issatschenkoi. The strain UADFA1 ( Fig. 1A and B (Hindák, 2000) . This species has planktonic free-floating straight solitary trichomes with barrel-shaped vegetative cells (with aerotopes always present) and narrowed towards the ends with apical cells rounded or with an encircling or "drop-like" tip; cylindrical and usually solitary akinetes are distant from heterocysts (Komárek and Komárková, 2006) . However, Aph. gracile may be confused with Aph. flos-aquae although the later has thicker trichomes and apical cells are more vacuolated and elongated towards the ends besides forming fascicle-like colonies (Komárek and Kováčik, 1989) . The strains UADFA3 ( Fig. 1H and I) , UADFA5, UADFA6, UADFA7, UADFA8 and UADFA13 (Fig. 1J ) have been shown to belong to the species Aphanizomenon aphanizomenoides (Forti) Horecká et Komárek 1979 (also described as Anabaena aphanizomenoides Forti 1912) (Hindák, 2000; Stefaniak and Kokociński, 2005) . According to Komárek and Komárková (Komárek and Komárková, 2006) , this planktonic species (also included in the Aph. gracile morphotype group) has Anabaena-like features such as rounded akinetes (solitary or in two on each side of the heterocyst) (see Figs 1J and I); trichomes are straight, planktonic and free-floating with barrel-shaped vegetative cells (with aerotopes always present); terminal cells are slightly narrowed towards the end (as shown in Fig. 1H ).
16S rRNA gene sequences for the studied strains
The 16S rRNA gene sequences (Table I , based on 1420 bp) and phylogenetic analysis (Fig. 2 , based on a 650 fragment to include a wider diversity of sequences) showed that the UADFA1 strain belonged to the Aph. issatschenkoi/Cuspidothrix issatschenkoi clade (cluster III in Fig. 2 ) which is distinctly separated from the clades containing other Aphanizomenon or Anabaena species. The highest similarity (99%) was observed with several Aph. issatschenkoi strains such as the type strain 0tu37s7 isolated from a eutrophic lake in Northern Europe (Finland) (Rajaniemi et al., 2005a) and the strain LMECYA 31 isolated from the Portuguese Montargil reservoir (Li et al., 2003) . UADFA2, UADFA10, UADFA11 and UADFA12 sequences showed 99% similarity with the sequence of Aphanizomenon cf. gracile PH271, isolated from a Danish lake (Lyra et al., 2001; Gugger et al., 2002) . However, strain UADFA16 achieved the highest sequence similarity (99%) with strains such as Aph. cf. flos-aquae PMC9501, Aph. flos-aquae PCC 7905 (type strain) and Aph. gracile PH219 isolated from lakes in France, The Netherlands and Denmark, respectively (Gugger et al., 2002) . This genetic variability was sufficient to locate this strain in a clade separated from the other Aph. gracile UADFA strains suggesting this species is polyphyletic (clusters IIa, b and c in Fig. 2 ). All the studied Aph. aphanizomenoides-like strains clustered with planktonic Anabaena species within an independent clade (clusters IV and V in Fig. 2 ), clearly separated from the clades of Aph. issatschenkoi and Aph. gracile strains. The studied strains showed 99% sequence similarity with Aphanizomenon aphanizomenoides 04-43, isolated from a eutrophic freshwater fishpond in Svet (South Bohemia, Czech Republic). Yet, UADFA3 and UADFA13 sequences were 99% similar to Anabaena flos-aquae NIES73 and Anabaena kisseleviana NIES74 (both isolated from Kasumigaura Lake in Japan (Lyra et al., 2001) ) as well as Anabaena flos-aquae AWQC 264A; UADFA5 showed respectively 99, 98 and 98% similarities with the sequences of these strains, respectively, while sequences from the remaining strains (UADFA6, UADFA7 and UADFA8) showed 98, 99 and 99% similarities with the strains mentioned above. This suggests a genetic variability among the isolated strains as confirmed by fingerprinting and 16S rDNA sequence alignments (see sections below).
Nucleotide sequences of hetR gene fragments
The hetR fragment from UADFA1 yielded only a maximum of 90% similarity with sequences from Anabaena strains M14-2 and M14-4 (Table II and Fig. 3 ) which highlights the lack of published hetR sequences. The sequences of the hetR gene from UADFA2, UADFA10, UADFA11 and UADFA12 showed 95% similarity with sequences from Aphanizomenon sp. TR183 (isolated from the Baltic Sea) and Anabaena flos-aquae SAG 30.87 (isolated from Burton Lake, Canada), whereas UADFA16 showed 97 and 98% similarities with these same strains, respectively. Strains UADFA3, UADFA6, UADFA7, UADFA8 and UADFA13 all showed 86, 85 and 84% similarities with hetR sequences from Anabaena gerdii, Anabaena sp. 'WH School st. isolate' and Cylindrospermum licheniforme UTEX 2014, respectively. However, UADFA5 showed a point mutation in the hetR gene which altered the percentage similarities for 86, 85 and 83%, respectively. The results obtained above for the hetR sequences suggest their potential for intra-specific phylogenetic discrimination.
Nucleotide sequences of nifH gene fragments
The partial nifH gene sequence from UADFA1 attained the highest similarity (97%) with an uncultured cyanobacterium FALLSnif01B02 detected in a meso to eutrophic lake in North Carolina (USA) and 95% similarity with Aphanizomenon sp. KAC15 isolated from the Baltic Sea (Table II and Fig. 4 ). All Aph. gracile-like strains showed nifH fragments 99% similar to cyanobacterium FALLSnif01B02 (already mentioned above) except for UADFA16 which showed the highest similarity (98%) with an uncultured cyanobacterium clone Gt1463 isolated from the Baltic Sea, in Sweden. In fact, from the nifH phylogenetic tree, UADFA16 does not cluster together within the other Aph. gracile strains (Fig. 4) supporting the genetic variability inside the species. The nifH sequences from Aph. aphanizomenoides strains clustered, once more, distinctly separated from the other Aphanizomenon spp. UADFA3, UADFA6, UADFA7, UADFA8 and UADFA13 sequences showed 98% similarity with Anabaena aphanizomenoides strain NRE2 isolated from Neuse River Estuary (North Carolina, USA), whereas UADFA5 showed only 97% similarity with this same strain, confirming once more the intra-specific genetic variation among Aph. aphanizomenoides strains. In order to further explore the genetic variability among the strains from each studied species, repetitive sequences genetic fingerprinting was performed. Hip1 fingerprinting (Fig. 5) showed identical patterns for isolates UADFA2 and UADFA10, but differences in relation to UADFA11 and UADFA12 profiles; additionally, a clear distinct pattern was observed for UADFA16. The results suggest that Aph. gracile has a persistent occurrence in Vela Lake throughout different years (2001, 2005, 2006 and 2007) , but not in a clonal mode over this period. Furthermore, Hip1 fingerprinting patterns of UADFA11 (from Monte Novo reservoir) showed differences from those retrieved from Vela Lake strains, indicating geographical differences of Aph. gracile strains over the Portuguese territory. Hip1 fingerprinting for Aph. aphanizomenoides strains showed identical patterns for UADFA6, UADFA7 and UADFA8, which differed from the other strains. UADFA5 displayed a pattern identical to UADFA13, while UADFA3 and UADFA13 showed a minor difference in their profiles. Nevertheless, results from STRR1A fingerprinting (Fig. 6 ) and 16S rDNA sequences alignment (see supplementary data online, Fig. S7b ) suggest that these strains were identical. More information could be retrieved from STRR1A fingerprinting profiles: UADFA6 and UADFA7 also showed identical fingerprinting patterns, but strains UADFA5 and UADFA8 showed unique and distinct patterns. These results suggest clonal diversity within the same bloom of Aph. aphanizomenoides in Vela Lake (differences in strains collected in 2004). Although STRR1A fingerprinting yielded a better discrimination than the HipCA/ HipTG fingerprinting for Aph. aphanizomenoides strains, STRR1A primer was not suitable for Aph. gracile strains and suggests that STRR sequences may be absent or have a different nucleotide composition in these strains.
D I S C U S S I O N
Morphological identification of Aphanizomenon spp. may frequently be unfeasible (Komárek and Komárková, 2006) . In addition, laboratory culturing may also change the original cyanobacterial morphological features (Pearson and Kingsbury, 1966; Palinska et al., 1996; Nübel et al., 1997; Zapomělová, 2006 ) making a correct identification even harder. Thus, a detailed genetic characterization is essential along with the morphological description for a more accurate identification, as proposed by Komárek (Komárek, 2006) . In this study, information retrieved from 16S rRNA gene corroborated the morphological identification of the studied strains. In general, the trend for phylogenetic clustering observed in the 16S rRNA gene sequences tree (Fig. 2) was also revealed in the trees using partial sequences from the nifH and hetR genes (Figs 3 and 4) confirming their potential for phylogenetic discrimination (Dyble et al., 2002; Haande et al., 2008) . However, there is still a lack of sequences ( particularly for hetR and nifH genes) on GenBank for the species characterized in the present study; this leads to low similarity percentages with database sequences and hinders further phylogenetic analysis. The 16S rRNA gene phylogenetic analysis suggests the Aphanizomenon genus is very heterogeneous and polyphyletic. The Aph. issatschenkoi/Cuspidothrix issatschenkoi strains are distinctly separated from the other Aphanizomenon or Anabaena species, supporting the separation of Aph. issatschenkoi into the new Cuspidothrix genus as previously reported (Rajaniemi et al., 2005b; Komárek and Komárková, 2006; Willame et al., 2006) . Aphanizomenon issatschenkoi (C. issatschenkoi) is characteristic from stagnant freshwaters in temperate regions (Rajaniemi et al., 2005b) and it is known to occur in Spanish (Moreno et al., 2005) and lentic Portuguese water bodies (Li et al., 2003; Valério et al., 2005) such as Vela Lake.
The genetic variability found between Aph. gracile strains (namely the strains from this study) suggests that this species is polyphyletic and 16S rDNA has intra-specific discrimination potential for Aph. gracile strains (see supplementary data online, Fig. S7a) . Results from partial sequencing and deduced amino acid sequences of hetR and nifH genes (see also supplementary data online, Fig. S8a ) and from Hip1 fingerprinting corroborate that strain UADFA16 was indeed very different from the other studied Aph. gracile strains (which showed similar fingerprinting patterns). However, 16S rDNA alignments confirmed that the strain from Monte Novo reservoir (UADFA11) was different from Vela Lake strains (UADFA2, UADFA10, UADFA12 and UADFA16). Both these results suggest that Aph. gracile has a non-clonal persistent occurrence in Vela Lake throughout different years and at different geographic locations in Portugal. Although morphological criteria for distinguishing Aph. gracile from Aph. flos-aquae are well established, the phylogenetic results obtained support the idea that there is not a clear separation between strains identified as Aph. flos-aquae or Aph. gracile as reported by other authors (Stüken et al., 2009) . Further phylogenetic studies should explore these two taxa; however, there may be misidentifications based on non-up-to-date references (e.g. Anabaena flos-aquae NRC44-1 in cluster I of Fig. 2 ). Aphanizomenon gracile is known to be planktonic in water bodies with high water retention times (Komárek and Komárková, 2006) including Portuguese lakes and reservoirs (Pereira et al., 2004) similar to Vela Lake. However, there may have been misidentifications of Aph. gracile as Aph. flos-aquae such as in the case of the bloom-forming strain UADFA2 (this study) isolated in 2001 in Vela Lake (de Figueiredo et al., 2006) . Interestingly, 16S rDNA phylogenetic analysis showed that all Aph. aphanizomenoides-like strains clustered with planktonic Anabaena species within a clade clearly separated from the clades including Aph. issatschenkoi and Aph. gracile strains, suggesting a higher similarity with sequences of Anabaena spp. such as An. kisseleviana and An. flos-aquae rather than with typical Aphanizomenon spp. This seems to be in accordance with its initial description as an Anabaena sp. which still generates a controversial discussion. Both fingerprinting results showed to be complementary, with different discriminating potential for intra-specific genetic variability of strains as confirmed by 16S rDNA sequences alignment (see supplementary data online, Fig. S7b ). This suggests that always more than one fingerprinting analysis should be used. In general, results from fingerprinting and 16S rRNA, hetR and nifH partial sequencing and alignment of deduced translation results (supplementary data online, Fig. S8b) indicate there is not a clonal persistence of Aph. aphanizomenoides strains in Vela Lake over the years neither within a same bloom; this has been reported before for other cyanobacteria, namely Microcystis spp. (Yoshida et al., 2005; Kardinaal et al., 2007) , which may lead to repercussions on the overall development and toxicity of the bloom. However, it should be kept in mind that spontaneous mutants are known to occur among cultured cyanobacteria under certain media conditions (Jeeji-Bai, 1976; Singh, 1976) , namely in Anabaena aphanizomenoides strains (Das and Singh, 1977) , which may also be behind the intra-specificity detected among the studied strains. Nevertheless, for an efficient management of bloom development in a water body, the identification of the bloom-forming cyanobacteria must be accurate and thus molecular approaches are essential. Aphanizomenon aphanizomenoides is a planktonic species which has been considered to be an invader of Northern Europe along with other cyanobacteria such as Cylindrospermopsis raciborskii (Stefaniak and Kokociński, 2005; Stüken et al., 2006) which highlights the importance of studying its occurrence patterns. It develops in eutrophic lakes and reservoirs under high water temperatures, typically in tropical and subtropical regions; however, in recent years, the occurrence of this species has been increasingly reported for several water bodies from temperate regions (Horecká and Komárek, 1979; Komárek and Komárková, 2006; Stüken et al., 2006) including several Iberian water bodies such as the Portuguese Montijo reservoir (Moreno et al., 2005) and Vela Lake as reported in the present study. Besides water temperature, environmental conditions such as high light intensity and nutrient deficiency favor the massive development of Aph. aphanizomenoides (Sabour et al., 2005) .
C O N C L U S I O N S
According to both phenotypic and molecular results, the studied strains could be identified as belonging to the species Aphanizomenon issatschenkoi (Cuspidothrix issatschenkoi), Aph. gracile and Aph. aphanizomenoides.
The phylogenetic trees retrieved from partial sequences of 16S rRNA, nifH and hetR genes showed a similar clustering trend confirming their potential for phylogenetic discrimination as previously proposed (Dyble et al., 2002; Haande et al., 2008) . Additionally, the phylogenetic results suggest that Aph. gracile is clearly polyphyletic but there is not an obvious separation from Aph. flos-aquae strains suggesting these should be considered as only one species as recently reported by Stüken et al. (Stüken et al., 2009) . The molecular results from the present study also imply that Aph. aphanizomenoides is closer to Anabaena spp. rather than to Aphanizomenon spp. which may raise the debate about its allocation from the Anabaena genus. Furthermore, results showed an inter-annual persistence of Aph. gracile and Aph. aphanizomenoides strains at Vela Lake, as well as intra-specific genetic variability of Aph. aphanizomenoides within a bloom which may impact bloom development.
The information obtained in this study is intended to contribute to the development of a database on the occurrence of bloom-forming cyanobacteria in Vela Lake and similar water bodies in Portugal which may be a significant help in the development of future water management strategies.
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